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Introduction
Within the Great Lakes, Rust Belt cities such as Detroit, Michigan have begun a
movement towards sustainability and urban resilience by increasing the amount of green
infrastructure to improve equity. Detroit is a post-industrial city currently facing
“numerous resilience challenges including a weak economic base, high poverty and
vacancy rates, and aging infrastructure” (Meerow & Newell, 2017). Detroit can increase
green infrastructure and social equity, therefore increasing the city’s urban resilience for
a sustainable future. Urban ecosystems are always evolving, however, if cities like those
in the Rust Belt cannot evolve, their infrastructure becomes redundant, vacancies
increase, economic activities decline, and social problems result (Williams, 2021).
Using spatial data, quantitative data, and qualitative data, patterns of equity
associated with green space and green infrastructure will be discovered in the City of
Detroit. Spatial datasets include the Tree Equity Score from American Forests, City of
Detroit neighborhoods, and Detroit’s 2021 green stormwater infrastructure project
locations. Qualitative data includes an in-depth literature review, recent news articles
about stormwater infrastructure in Detroit, and Detroit’s first Climate Action Plan to
analyze Detroit’s progress on green infrastructure and sustainability. Locating areas that
are not equitably served with sustainable infrastructure will show where Detroit may
need to direct their attention to combat inequalities related to sustainability initiatives.

Literature Review
Detroit is a classic example of a Rust Belt city as it lost half its population, has had
declining tax revenue, and experienced major decentralization outside the city center
(Wilson & Kassens-Noor, 2021). The overall decline of the Rust Belt arose from cities that
were slow to make the transition from manufacturing to a service economy when the
manufacturing jobs disappeared (Kaplan et al., 2014), moving to other, more profitable
locations around the world (Bently et al., 2015).
Urban resilience is key for a sustainable future in Rust Belt cities like Detroit and
refers to the ability of an urban system to maintain or return to desired functionality in
cases of disturbance, to adapt to change, and to transform urban systems that limit
current or future adaptive capacity at temporal and spatial scales (Meerow & Newell,
2016). Urban resilience is an interconnected concept relating to all aspects of urban
systems (governance networks, networked material/energy flows, infrastructure and
form, and socioeconomic dynamics (Meerow & Newell, 2016).
A consequence of improving sustainability efforts is often associated with
disparities and equity issues. Urban resilience can be further understood by asking and
attempting to answer five questions: who, what, where, when, and why. These questions
are often associated with inequitable trade-offs because planners and politicians have
their own priorities for urban resilience benefits. These tradeoffs are mostly affecting the
people who are benefitting from urban resilience, causing great inequities in
sustainability initiatives (Meerow and Newell, 2016).
Green infrastructure can be described as “the development of urban green spaces,
such as parks, rain gardens, and greenways, that provide a variety of social and
ecological benefits from improved public health to stormwater abatement” (Meerow &
Newell, 2017). The multifunctionality of green infrastructure allows it to be adaptive to
climate change and long-term changes which enhance a community’s resilience and
adaptive capacity.
Challenges persist in planning strategies for increasing small-scale green
infrastructure, impacting the understating the social, economic, and environmental
benefits of equitable distribution (Benton-Short et al., 2019). Planning for strategic
placement of future green infrastructure has the potential to reduce the inequitable
distribution of projects because these placements ultimately determine who benefits
(Meerow & Newell, 2016). Therefore, placing these green infrastructure projects in lowincome and minority communities will allow for increased equity in Detroit.

This study of Detroit uses spatial data, quantitative data, and qualitative data to find patterns of equity associated with green infrastructure. A
combination of spatial data and recent news articles as well as the City of Detroit Sustainable Action Agenda will be analyzed to discover if Detroit is aiming
its urban resilience initiatives, such as green stormwater infrastructure, to improve equity in their racially diverse city. The spatial analysis is performed in
ArcGIS Pro software to find spatial distribution patterns using the Tree Equity Score and green stormwater infrastructure locations at the city-wide scale
and neighborhood scale. U.S. Census block groups for the Tree Equity Score polygons will be compared to Detroit’s current established neighborhoods for a
contextual, relatable analysis using the names of neighborhoods.
News articles on Detroit’s green infrastructure projects (Blok, 2021) and urban resilience initiatives (ICIC, 2017) indicate Detroit is planning for more
green stormwater infrastructure projects in the future to control flooding like rain gardens, bioretention features or growing plants on roofs (Blok, 2021).
Investing in green stormwater infrastructure helps promote workforce training opportunities to lead to long-term neighborhood revitalization and resilience
from flooding (ICIC, 2017).
The City of Detroit is planning initiatives for improving sustainability efforts through their Sustainable Action Agenda, comparable to the United Nations
Sustainable Development Goals related to infrastructure, equity, and resilience (City of Detroit, 2019). Detroit’s sustainability initiatives intend to be: equitable,
green, clean, connected, affordable, and healthy (City of Detroit, 2019).

Results & Analysis
Based on qualitative and quantitative methodologies, spatial analysis shows few correlations between the proposed green stormwater infrastructure
projects and the Tree Equity Scores. Clustering patterns did appear in the downtown area of Detroit as well as near the Detroit river. There are 236 total
green stormwater infrastructure project points used in this analysis. Results of the spatial analysis indicate that, because Detroit is a city that is
predominantly POC, there are no direct spatial distribution patterns. Overall, the green stormwater infrastructure projects appear to be evenly distributed
throughout Detroit with more clustering near waterways where stormwater is most necessary. However, these projects near waterways are found in less
predominant POC neighborhoods.
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The boundary of the City of Detroit is used to clip all datasets. Tree Equity Scores at the
city-wide scale for U.S. Census block groups are symbolized by highest Tree Equity Scores
to lowest Tree Equity Scores and green stormwater infrastructure location points are
added to overlay the Tree Equity Score data (Figure 2).
Tree Equity Score polygons are then selected for the 10 lowest Tree Equity Scores and the
10 highest Tree Equity Scores, symbolized with darker shades of red meaning the highest
scores.
Green stormwater infrastructure location points are clipped to these polygons to find
spatial distribution patterns/point clusters of green infrastructure locations associated
with the highest and lowest Tree Equity Scores (Figure 3).
The Tree Equity Score polygons are symbolized by percentage of people of color in
increments of 20% with a comparison to the green infrastructure location points (Figure 4).
Tree Equity Score polygons are symbolized by the percentage of people of color that
exceeds 75%.
Green infrastructure location points are clipped to only show in polygons with over 75%
people of color (Figure 5).

Discussion & Conclusion
Although Detroit has been suffering from a declining economy over the last 60 years,
it is now transforming into one of the most sustainable and resilient Rust Belt cities in
the Great Lakes region. Detroit is on its way to becoming a sustainable city with goals
closely resembling the United Nations Sustainable Development Goals (FIGURE 6). The
spatial analysis indicates that Detroit is evenly dispersing its green stormwater
infrastructure projects throughout the city, therefore promoting equity as Detroit’s
Sustainable Action Agenda has promised to do. The spatial analysis indicates that the
most vulnerable populations living near the rivers are beneficiaries of the green
stormwater infrastructure projects, but it is not evident that racial minorities directly
benefit from green stormwater infrastructure.

FIGURE 6: Detroit can use the United Nations Sustainable Development Goals to improve urban
resilience and equity through green infrastructure (United Nations, 2018).

To prepare for the future, Detroit has a goal in their Sustainable Action Agenda to
reduce the volume of untreated combined sewer overflows by creating central
neighborhood scaled green infrastructure projects to naturally manage stormwater with
green space (City of Detroit, 2019). Green stormwater infrastructure methods can
“incorporate plants, which also improve air quality, make for cooler neighborhoods, and
act as public health-boosting greenspace” (Blok, 2021). Adding more greenspace that
allows flood water to percolate through soil would be a sustainable initiative to increase
urban resilience after flooding events (FIGURE 7).
FIGURE 2: This study analyzed 963 U.S. Census block groups in the Tree Equity Score
dataset. The neighborhood with the highest amount of green stormwater infrastructure
projects is Elmwood Park, located in downtown Detroit, with an overall Tree Equity Score
of 84.37. Elmwood Park is a neighborhood with a People of Color (POC) population that is
88.65%. Green stormwater infrastructure projects are generally located in areas where
Tree Equity Scores were higher, usually above 60-70%. Most TES are around 40-50%, with
few scores going below 30%.

FIGURE 3: The 10 lowest and highest TES did not show any spatial distribution patterns.
These 20 U.S. Census block group polygons are distributed evenly across the city, but
the highest scores tend to be in the northeastern corner of the city and the lowest
scores tend to be in the city-center. The Eastern Market neighborhood, located near the
Elmwood Park neighborhood has the lowest TES with 36.60 with 5 green stormwater
infrastructure projects within the neighborhood. There are only 6 green stormwater
infrastructure projects within the U.S. Census block groups with the lowest and highest
TES.

Detroit Case Study
The Great Migration and “white flight” attributed to racial tensions and vacancies
throughout Detroit in the 1970’s and 1980’s. Those strained relations have hindered the
city's efforts toward economic progress as more and more people vacated the city,
taking all economic functions to the suburbs (Padnani, 2017). Today, Detroit is one of
many major cities with the highest percentage of African American residents in the
United States (Bently et al., 2015) (FIGURE 1).
One of Detroit’s major issues is its aging infrastructure and recurring flooding that
damages infrastructure.
• approximately 40,000 properties have a 0.2% chance of some amount of water
reaching them in 2021 with an overall moderate risk of flooding in the next 30 years
(First Street Foundation, 2021)
• more than 3,000 miles of sewer lines and 2,700 miles of water lines were built nearly
a century ago
• the city has added $1.5 billion in retention basins and other barriers along area rivers
to prevent and mitigate the flooding caused by climate change events such as
frequent, excessive rainfall (FIGURES 8 & 9)
• aging infrastructure is harshly impacted by flooding caused by climate change,
further damaging Detroit’s infrastructure and its economy (Fleming & Rahal, 2021).
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FIGURE 1: At the peak of Detroit’s prosperity in 1950, the population was 1.85 million (Padnani, 2017).
According to the 2020 U.S. Census, the total population of Detroit is 639,111, a -6.1% decrease since the 2010
Census (U.S. Census Bureau, 2020). The racial composition of Detroit over the past 60 years has seen
drastic changes.

FIGURE 7: Green stormwater infrastructure allows for water to percolate through permeable surfaces
and protects water bodies that receive stormwater by filtering out pollutants from impermeable
surfaces (Blok, 2021).
Graphic credits: City of Detroit Water and Sewerage Department

FIGURE 8: Flooding in neighborhoods near the
Detroit River are becoming more frequent
(Fleming & Rahal, 2021).
Photo credits: Jim West/Zuma Wire (2019)

FIGURE 4: The singular neighborhood that stood out among the rest of Detroit is Delray,
located beside the Delaware River, with a TES of 67.67 and 0% POC. There are also 6 green
stormwater infrastructure projects within that neighborhood. Another neighborhood with
a clustering of projects is Jefferson Chalmers, located on the Detroit River, in the eastern
portion of Detroit. The neighborhood is predominantly 80-100% POC and there are 10 green
stormwater infrastructure projects within this neighborhood.

FIGURE 5: In the final analysis of the percentage of POC and green stormwater
infrastructure projects, there are 803 U.S. Census block groups with populations that are
greater than 75% POC. Additionally, 169 of 236 green stormwater infrastructure projects
are within these U.S. Census block groups. The majority of green stormwater
infrastructure project points were in areas with nearly 100% POC residents.
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FIGURE 9: Increasing greenspace when
implementing green infrastructure projects
can reduce flooding when water can
percolate through soil back into sewers
(Blok, 2021).
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Through equitably distributing green stormwater infrastructure, Detroit will
increase its urban resilience to climate change events. To revive the legacies of Great
Lakes Rust Belt cities like Detroit, adaptive capacity within an urban system’s
sustainable infrastructure and equitable urban planning practices must learn to
accommodate urban resilience and evolving sustainable practices (Williams, 2021).
Hopefully, the outcome of improving urban resilience through green infrastructure will
not lead to ‘green’ gentrification and negatively impact the low-income and minority
communities these strategic efforts were planned to benefit (Wolch et al., 2014)

